ABSTRACT
INTRODUCTION
Due to the rapid advances in bandwith and speed of electronic systems, picosecond pulses need to be generated for signal detection in high-speed sampling circuits. These short transients have successfilly been realized with nonlinear transmission lines processed on GaAs in recent years. A NLTL consists of a high impedance coplanar line with distributed diodes along the line.
0-7803-5687-X/00/$10.00 0 2000 IEEE Due to the voltage dependent capacitance of the diodes, nonlinear propagation effects are introduced. With a shockwave NLTL as described here, the falling edge of a large time-domain signal is steepened. The propagation of the NLTL's and their properties have been investigated since 30 years with different methods, and a few attempts for an analysis and design have been proposed. Many of these approaches, however, underlie several limitations because simplified models for NLTL' s are employed. In previous studies [8], circui; simulators are used to characterize the NLTL. The NLTL is approximated by an ideal transmission line loaded with the diodes represented by their large-signal equivalent circuit. Due to the high frequencies which are generated on the line, this simple transmission line model has to be replaced by an electromagnetic model where wave effects can be taken into account. In [7] , a lossless FDTD analysis of a NLTL was presented including the length of NLTL's and the very broadband spectrum of the generated signal, transmission line losses have an remarkable influence on the propagation properties especially on the steepness of the total fall time. As a consequence, this at-tenuation has to be considered in an extremly wide frequency range. Therefore in this contribution, the metallization losses are considered in FDTD for the complete frequency range using the surface impedance approach. Furthermore, in contrast to other standard NLTL's, an optimized inhomogenous doping profile was designed to achieve a faster compression of the falling edge of the output signal. For a better and faster large-signal modelling of the diodes, the device response is extracted from the geometry and doping profile itself applying the finite difference method to the drift-diffusion model as it was previously done in [9] and [ 101.
TRANSMISSION LINE LOSSES
For modelling the attenuation on a transmission line, an ultra wide band approximation of metallization losses using the surface impedance approach based on a two-port model for the surfaces is included. A plane conducting shect with the conductivity U and the thickness t is assumed. The electric and magnetic fields on the top and the bottom side of the sheet are described by the following impedance matrix in the frequency domain where and The impedance matrix transformed into the time domain together with Faraday's equations yield a boundary condition for the magnetic field components surrounding the conducting sheet 131. Using a recursive convolution method, the computational effort is small compared to the FDTD calculation of the remaining structure.
DIODE MODELLING
In the NLTL, each semiconductor device is modeled by the semiconductor transport equations. For arbitrary doping profiles, this approach provides an accurate and efficient model. In the quasistatic case, where the diodes are considered to be small compared to the wavelength, the Poisson equation 4 = -qnppV$-qDpVp (8) the system of differential equations yield a solution for the unknown functions $, n, p, J,, and Jp. The numerical integration is done by means of the FD method. Here, because of the large number of diodes, a one dimensional grid is chosen which is appropriate in this case. The grid is adopted to the geometry of the diode and is independent of the FDTD mesh. For the current densities, the Scharfetter-Gummel integration is applied [5] . The interface between the device simulator and electromagnetic simulator is obtained with Ampere's law where the current and voltage at the device and at two grid points are related to each other employing an implicit algorithm.
NLTL AND RESULTS
A detailed description of the design principles of this NLTL (Fig. 1) based on an elevated coplanar line can be found in [ this kind of coplanar line is the high characteristic impedance of 1060 and the low attenuation of about 0.1 dBlmm at 40 GHz. The attenuation of the passive structure (without diodes) resulting from the FDTD simulation (Fig.2) is compared to the mode matching results [4] for validation. For a fast compression of the input signal, diodes with a non-uniform doping profile are used (Fig.1) . This profile provides a higher capacitance swing, yielding a stronger variation of the wave velocity. The capacitance versus the bias voltage is shown in Fig. 3 . Both the resistance of the &-layer of about 12R and the leakage resistance of about 7000 are added as 
CONCLUSION
A global FDTD method for an efficient analysis of NLTL is presented. The transmission line losses are included over a wide frequency range, and the non-uniform doping profile of the diodes can be considered by applying the FD method to the semiconductor transport equations. This global model also enables an optimization of the NLTL's and diodes. As a consequence, fewer technology runs are required.
